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$EVWUDFW
'LIIXVLRQ WHQVRU LPDJLQJ '7, PHWULFV VXFK DV )UDFWLRQDO $QLVRWURS\ )$ DQG 0HDQ
'LIIXVLYLW\0'KDYHEHHQSURSRVHGDVFOLQLFDOWULDOPDUNHUVRIFHUHEUDOVPDOOYHVVHOGLVHDVH
GXHWRWKHLUDVVRFLDWLRQVZLWKRXWFRPHVVXFKDVFRJQLWLRQ+RZHYHUVWXGLHVLQYHVWLJDWLQJWKLV
KDYHEHHQ SUHGRPLQDQWO\ VLQJOHFHQWUH $V FOLQLFDO WULDOV DUH OLNHO\ WR EH PXOWLVLWH IXUWKHU
VWXGLHVDUHUHTXLUHGWRGHWHUPLQHZKHWKHUDVVRFLDWLRQVZLWKFRJQLWLRQRIVLPLODUVWUHQJWKFDQ
EHGHWHFWHGLQDPXOWLFHQWUHVHWWLQJSDWLHQWVPHDQDJH ZLWKV\PSWRPDWLFODFXQDU
LQIDUFWLRQDQGFRQIOXHQWZKLWHPDWWHUK\SHULQWHQVLWLHV:0+RQ05,ZDVUHFUXLWHGDFURVV
VLWHV DV SDUW RI WKH 35(6(59( '7, VXEVWXG\ $IWHU KDQGOLQJ RI PLVVLQJ GDWD 705,
VFDQQLQJ ZDV DYDLODEOH IURP VLWHVRQ VFDQQHU PRGHOV 6LHPHQV DQG 3KLOLSV DORQJVLGH
QHXURSV\FKRORJLFDODQG4XDOLW\RI/LIH4R/DVVHVVPHQWV)$PHGLDQDQG0'SHDNKHLJKW
ZHUH H[WUDFWHG IURP '7, KLVWRJUDP DQDO\VLV 0XOWLSOH OLQHDU UHJUHVVLRQV ZHUH SHUIRUPHG
LQFOXGLQJ QRUPDOLVHGEUDLQ YROXPH :0+ OHVLRQ ORDG DQG QR ODFXQHV DV FRYDULDWHV WR
LQYHVWLJDWH WKH DVVRFLDWLRQ RI )$ DQG 0' ZLWK FRJQLWLRQ DQG 4R/ '7, PHWULFV IURP DOO
ZKLWH PDWWHU ZHUH VLJQLILFDQWO\ DVVRFLDWHG ZLWK *OREDO &RJQLWLRQ VWDQGDUGLVHG ȕ 
0HQWDO)OH[LELOLW\ȕ 9HUEDO)OXHQF\ȕ DQG0R&$ȕ 7KHPDJQLWXGHV
RIWKHVHDVVRFLDWLRQVZHUHFRPSDUDEOHWRWKRVHSUHYLRXVO\UHSRUWHGIURPVLQJOHFHQWUHVWXGLHV
IRXQGLQDV\VWHPDWLFOLWHUDWXUHUHYLHZ,QWKLVPXOWLFHQWUHVWXG\ZHFRQILUPHGDVVRFLDWLRQV
EHWZHHQ '7, SDUDPHWHUV DQG FRJQLWLRQ ZKLFK ZHUH VLPLODU LQ VWUHQJWK WR WKRVH IRXQG LQ
SUHYLRXVVLQJOHFHQWUHVWXGLHV7KLVVWXG\VXSSRUWV WKHXVHRI'7,PHWULFVDVELRPDUNHUVRI
GLVHDVHSURJUHVVLRQLQPXOWLFHQWUHVWXGLHV



$EEUHYLDWLRQV&$%*&RURQDU\$UWHU\%\SDVV*UDIW&6)&HUHEURVSLQDO)OXLG'6&'LJLW
6\PERO&RGLQJ'7,'LIIXVLRQ7HQVRU,PDJLQJ)$)UDFWLRQDO$QLVRWURS\)'7)05,%
'LIIXVLRQ7RROER[)/$,5)OXLG$WWHQXDWHG,QYHUVLRQ5HFRYHU\)/,57)05,%/LQHDU
,PDJH5HJLVWUDWLRQ7RRO)6/)05,%6RIWZDUH/LEUDU\*0*UH\0DWWHU0'0HDQ
'LIIXVLYLW\0R&$0RQWUHDO&RJQLWLYH$VVHVVPHQW1$571DWLRQDO$GXOW5HDGLQJ7HVW
1$:01RUPDO$SSHDULQJ:KLWH0DWWHU1%91RUPDOLVHG%UDLQ9ROXPH5$9/75H\
$XGLWRU\9HUEDO/HDUQLQJ7HVW4R/4XDOLW\RI/LIH6306WDWLVWLFDO3DUDPHWULF0DSSLQJ
664R/6WURNH6SHFLILF4XDOLW\RI/LIH69'6PDOO9HVVHO'LVHDVH7:7:HLJKWHG
7:7:HLJKWHG7077UDLO0DUNLQJ7HVW7307LVVXH3UREDELOLW\0DS:0DOO
:KLWH0DWWHU:0+:KLWH0DWWHU+\SHULQWHQVLW\
 ?

,QWURGXFWLRQ
&HUHEUDO6PDOO9HVVHO'LVHDVH69'FDXVHVDTXDUWHURIDOOLVFKDHPLFVWURNHVLVWKHPRVW
FRPPRQSDWKRORJ\XQGHUO\LQJYDVFXODUFRJQLWLYHLPSDLUPHQWDQGGHPHQWLDDQG
FRQWULEXWHVWRWKHVHYHULW\RI$O]KHLPHU¶V'LVHDVH69'DIIHFWVWKHVPDOOYHVVHOVRIWKH
EUDLQDQGUHVXOWVLQDQXPEHURIFKDUDFWHULVWLFUDGLRORJLFDODSSHDUDQFHVEHVWVHHQRQ05,
LQFOXGLQJODFXQDULQIDUFWV7ZKLWHPDWWHUK\SHULQWHQVLWLHV:0+FHUHEUDOPLFUREOHHGV
DQGEUDLQDWURSK\,QWHUPVRIV\PSWRPVFRJQLWLYHLPSDLUPHQWPD\EHWKHPRVW
GHELOLWDWLQJZLWK69'FKDUDFWHULVWLFDOO\DVVRFLDWHGZLWKHDUO\GHILFLWVLQH[HFXWLYH
IXQFWLRQDQGSURFHVVLQJVSHHGZKLOHHSLVRGLFPHPRU\LVUHODWLYHO\VSDUHG±
'HVSLWH WKH SXEOLF KHDOWK LPSRUWDQFH RI 69' WKHUH DUH IHZ VSHFLILF WUHDWPHQWV 
)XUWKHUPRUH HYDOXDWLQJ WUHDWPHQWV UHSUHVHQWV DPDMRU FKDOOHQJHGXH WR WKHYDULDEOH UDWHRI
FRJQLWLYHGHFOLQHZKLFKFDQEHVORZLQPDQ\SDWLHQWVEXWRFFXUVUDSLGO\ZLWKSURJUHVVLRQWR
GHPHQWLDLQDVXEVHW:KLOVWFRJQLWLYHWHVWLQJSOD\VDFHQWUDOUROHLQLGHQWLI\LQJWKHSUHVHQFH
RIFRJQLWLYHLPSDLUPHQWLWKDVSURYHGWREHUHODWLYHO\LQVHQVLWLYHWRORQJLWXGLQDOFKDQJH
7KLVKDVOHGWRWKHVXJJHVWLRQWKDW05,PLJKWUHSUHVHQWDXVHIXOVXUURJDWHPDUNHUWRPRQLWRU
GLVHDVHSURJUHVVLRQDQGHYDOXDWH WKHHIILFDF\RI WKHUDSHXWLF LQWHUYHQWLRQV LQVPDOOHUSDWLHQW
QXPEHUVSULRUWRODUJHUSKDVHWULDOV
'LIIXVLRQ7HQVRU,PDJLQJ'7,KDVEHHQVKRZQWREHSDUWLFXODUO\VHQVLWLYHWRZKLWHPDWWHU
GDPDJH LQ 69' $EQRUPDOLWLHV KDYH EHHQ VKRZQ QRW RQO\ ZLWKLQ 7:0+ EXW DOVR LQ
DSSDUHQWO\ ³QRUPDO DSSHDULQJ ZKLWH PDWWHU´  DQG WKHVH FKDQJHV FRUUHODWH EHWWHU ZLWK
FRJQLWLRQ WKDQ :0+ OHVLRQ YROXPH  ,Q VLQJOHFHQWUH VWXGLHV FKDQJH RQ '7, FRXOG EH
GHWHFWHGLQ69'SDWLHQWVRYHUIROORZXSSHULRGVRIWR\HDUV7KLVKDVOHGWRWKH
VXJJHVWLRQ WKDW '7, PLJKW SURYLGH D XVHIXO VXUURJDWH PDUNHU DQG SRZHU FDOFXODWLRQV IRU
SKDVHWULDOVEDVHGRQWKHUDWHRI'7,FKDQJHVHHQLQWKHVHSDSHUVKDYHVKRZQWKDWLWVXVH
PD\ DOORZ HYDOXDWLRQ RI WKHUDSHXWLF LQWHUYHQWLRQV ZLWK PXFK VPDOOHU VDPSOHV VL]HV WKDQ LI
FRJQLWLYHIXQFWLRQZDVXVHGDVDQRXWFRPHPHDVXUH+RZHYHUVWXGLHVFRQGXFWHGWRGDWH
KDYHEHHQVLQJOHFHQWUH 0RVW WKHUDSHXWLF WULDOVDUH OLNHO\ WREHPXOWLFHQWUHDQG
LQYROYH DFTXLVLWLRQ RI '7, DFURVVGLIIHUHQW VLWHV $V LPDJH DFTXLVLWLRQZLOO EHRQ GLIIHUHQW
VFDQQHUVWKLVPD\SUHVHQWFKDOOHQJHV,WLVLPSRUWDQWWRDVVHVVZKHWKHU'7,LVIHDVLEOHLQ
DFOLQLFDOWULDOVHWWLQJDQGZKHWKHUVLPLODUDVVRFLDWLRQVEHWZHHQ05,SDUDPHWHUVDQGFOLQLFDO
DQGFRJQLWLYHYDULDEOHVFDQEHGHWHFWHGLQWKHPXOWLFHQWUHVHWWLQJ2QHZD\RIDVVHVVLQJWKLV
 ?

LVWRGHWHUPLQHZKHWKHUWKHVWUHQJWKRIDVVRFLDWLRQEHWZHHQ'7,DQGFRJQLWLRQLQPXOWLFHQWUH
VWXGLHVLVVLPLODUWRWKDWSUHYLRXVO\UHSRUWHGLQVLQJOHFHQWUHVWXGLHV
7RHYDOXDWHWKLVZHGHWHUPLQHGWKHDVVRFLDWLRQEHWZHHQ'7,SDUDPHWHUVDQGFRJQLWLRQLQWKH
EDVHOLQHGDWDRIDPXOWLFHQWUHWULDO

0HWKRGV
35(6(59(VWXG\
7KH 35(6(59( VWXG\ ³+RZ LQWHQVLYHO\ VKRXOG ZH WUHDW EORRG 35(6VXUH LQ HVWDEOLVKHG
F(5HEUDOVPDOO9(VVHOGLVHDVH"´ LVDPXOWLFHQWUHUDQGRPLVHGFRQWUROOHGWULDOFRPSDULQJD
VWUDWHJ\RILQWHQVLYHYHUVXVVWDQGDUGWUHDWPHQWRIEORRGSUHVVXUHRQFRJQLWLYHIXQFWLRQRYHU
D WZR \HDU IROORZXS SHULRG 1HVWHG ZLWKLQ WKH RYHUDOO VWXG\ LV D '7, VXEVWXG\ LQ ZKLFK
SDWLHQWVDGGLWLRQDOO\XQGHUJRPXOWLPRGDO05,LQFOXGLQJ'7,DWEDVHOLQHDQGDWWKHHQGRIWKH
WZR\HDUIROORZXSSHULRG7KHEDVHOLQHGDWDIURPWKHVHLQGLYLGXDOVLVSUHVHQWHGLQWKLVSDSHU
6WXG\3RSXODWLRQ
,QFOXVLRQFULWHULDZHUHDFOLQLFDO ODFXQDUVWURNHZLWKDQDQDWRPLFDOO\FRUUHVSRQGLQJODFXQDU
LQIDUFW RQ 05, LQ DGGLWLRQ WR FRQIOXHQW :0+ JUDGHG DV    RQ WKH )D]HNDV VFDOH 
3DWLHQWV ZHUH DW OHDVW  \HDUV ROG ZLWK K\SHUWHQVLRQ GHILQHG DV HLWKHU D V\VWROLF EORRG
SUHVVXUH !PP+J RU D V\VWROLF EORRG SUHVVXUH EHWZHHQ PP+J ZKLOH RQ
DQWLK\SHUWHQVLYH WUHDWPHQW ([FOXVLRQ FULWHULD ZHUH D NQRZQ VLQJOH JHQH GLVRUGHU FDXVLQJ
69' HJ &$'$6,/ V\PSWRPDWLF FDURWLG VWHQRVLV RU YHUWHEUDO VWHQRVLV !  FRUWLFDO
LQIDUFWLRQ !FP GLDPHWHU GLDJQRVLV RI GHPHQWLD OLIH H[SHFWDQF\ RI OHVV WKDQ WZR \HDUV
V\PSWRPDWLFSRVWXUDOK\SRWHQVLRQZRPHQRIFKLOGEHDULQJSRWHQWLDODQGDQ\LQDELOLW\WRIXOILO
VWXG\GDWDFROOHFWLRQ$OOSDWLHQWVJDYHLQIRUPHGZULWWHQFRQVHQW7KHVWXG\ZDVDSSURYHGE\
WKH+DUURZ15(6HWKLFVFRPPLWWHH5(&QXPEHU/2DQGLVUHJLVWHUHGZLWKWKH
8.&OLQLFDO5HVHDUFK1HWZRUN&51QXPEHU
SDWLHQWVIURPVLWHVFRQVHQWHGWRSDUWLFLSDWHLQWKH35(6(59('7,VXEVWXG\7KHVLWH
VDPSOHVL]HVDUHDVIROORZV6LWH1 6LWH1 6LWH1 6LWH1 6LWH
 1  6LWH  1  3DUWLFLSDQWV XQGHUZHQW EDVHOLQH WHVWLQJ DW OHDVW WKUHH PRQWKV SRVW
VWURNH
 ?

&OLQLFDO$VVHVVPHQWV
$ VWURNH SK\VLFLDQ RU YDVFXODU QHXURORJLVW H[DPLQHG DOO SDUWLFLSDQWV &HUHEURYDVFXODU ULVN
IDFWRUV LQFOXGLQJ D KLVWRU\ RI SUHYLRXV VWURNH K\SHUFKROHVWHURODHPLD GLDEHWHV VPRNLQJ
FXUUHQWDQGKLVWRU\DQJLQDP\RFDUGLDOLQIDUFWLRQFRURQDU\DUWHU\E\SDVVJUDIWVRUFRURQDU\
DQJLRSODVW\ZHUHUHFRUGHG
1HXURSV\FKRORJLFDO$VVHVVPHQW
&RJQLWLYH7HVWLQJ$VVHVVPHQWZDVSHUIRUPHGE\DQHXURSV\FKRORJLVWDQGRFFXUUHGRQWKH
VDPHGD\DV05,VFDQQLQJRUDVFORVHWRWKHVFDQDVSRVVLEOH$FRJQLWLYHWHVWEDWWHU\ZDV
XVHGZKLFKLQFOXGHGWHVWVVHQVLWLYHWRWKHFKDUDFWHULVWLFLPSDLUPHQWVLQSURFHVVLQJVSHHGDQG
H[HFXWLYHIXQFWLRQDVVRFLDWHGZLWK69'ZLWKDGGLWLRQDOWHVWLQJRIPHPRU\7KLVLQFOXGHG
IRUSURFHVVLQJVSHHGWKH'LJLW6\PERO&RGLQJWHVW'6&DQGIRUH[HFXWLYHIXQFWLRQLQJ
WKH 7UDLO 0DUNLQJ 7HVW 707  WR PHDVXUH PHQWDO IOH[LELOLW\ DQG D SKRQHPLF YHUEDO
IOXHQF\WDVN)$6DQGDVHPDQWLFYHUEDOIOXHQF\WDVNDQLPDOVWRPHDVXUHYHUEDO
JHQHUDWLYLW\0HPRU\ZDVPHDVXUHGXVLQJWKH5H\$XGLWRU\9HUEDO/HDUQLQJ7HVW5$9/7
 3UHPRUELG ,4 ZDV HVWLPDWHG XVLQJ WKH UHVWDQGDUGLVHG 1DWLRQDO $GXOW 5HDGLQJ 7HVW
1$575DQGDGGLWLRQDOVFUHHQLQJIRUFRJQLWLYHLPSDLUPHQWZDVFRQGXFWHGXVLQJWKH
0RQWUHDO&RJQLWLYH$VVHVVPHQW0R&$
,Q DGGLWLRQ WKH IROORZLQJ DVVHVVPHQWV RI GLVDELOLW\ DQG TXDOLW\ RI OLIH ZHUH SHUIRUPHG WKH
6WURNH6SHFLILF4XDOLW\RI/LIHDVVHVVPHQW664R/DQGWKH(XUR4R/
3HUIRUPDQFH DFURVV QHXURSV\FKRORJLFDO WHVWV ZDV PDGH FRPSDUDEOH E\ WUDQVIRUPLQJ UDZ
VFRUHV LQWR ]VFRUHV XVLQJ WKH EHVW DYDLODEOH DJHVFDOHG QRUPDWLYH GDWD '6&  707
 /HWWHU )OXHQF\ $QLPDO )OXHQF\ 5$9/7  7DVNV ZHUH JURXSHG LQWR
IRXUNH\GRPDLQV3URFHVVLQJ6SHHG:$,6FRGLQJWRWDOFRUUHFW707$WLPHWRFRPSOHWH
0HQWDO)OH[LELOLW\707%WLPHWRFRPSOHWH9HUEDO)OXHQF\WRWDOFRUUHFWIRU³)$6´OHWWHU
IOXHQF\ DQG $QLPDO IOXHQF\ DQG 9HUEDO 0HPRU\ 5$9/7 ³LPPHGLDWH´ DQG ³GHOD\HG´
UHFDOO ,QGLYLGXDO WDVN ]VFRUHV ZHUH DYHUDJHG DFURVV WKHVH JURXSLQJV WR FUHDWH RYHUDOO
GRPDLQVFRUHVZKLOHDOOGRPDLQVFRUHVZHUHDYHUDJHGWRFUHDWHD*OREDO&RJQLWLRQGRPDLQ
664R/ WRWDO VFRUH (XUR4R/ ³KHDOWKVWDWH´ UDWLQJ DQG WKH 0R&$ WRWDO VFRUH ZHUH
DQDO\VHGLQGLYLGXDOO\XVLQJUDZVFRUHV
:KHUH GDWD ZHUH PLVVLQJ GXH WR D VXEMHFW EHLQJ XQDEOH WR FRPSOHWH D WDVN WKH ORZHVW
DYDLODEOH=VFRUHZDVJLYHQWKLVDSSOLHGWRLQGLYLGXDOWDVNVDFURVVSDUWLFLSDQWV
 ?

RIWKHVDPSOHVL]H,IGDWDZHUHPLVVLQJIRUDQ\RWKHUUHDVRQVWKHQWKHGRPDLQVFRUHVZHUH
FDOFXODWHGZLWKRXWWKDWWDVNWKLVDSSOLHGWRSDUWLFLSDQWVRIWKHVDPSOHVL]H
0DJQHWLF5HVRQDQFH,PDJLQJ$FTXLVLWLRQ
7KHDLPZDVWRWHVWDVWXG\GHVLJQIRUZKLFK05,GDWDZDVDFTXLUHGXVLQJFOLQLFDOVFDQQHUV
LQGLIIHUHQWVLWHVIURPGLIIHUHQWPDQXIDFWXUHUV:LWKLQWKHFHQWUHV7HVOD05VFDQQHUV
ZHUHXVHG3KLOLSV$FKHLYD7;3KLOLSV$FKHLYD3KLOLSV,QJHQLD6LHPHQV9HULR
6LHPHQV3ULVPD6LHPHQV0DJQHWRP3ULVPDILW05,DFTXLVLWLRQLQFOXGHG'7ZHLJKWHG
7:DQG'7,7ZHLJKWHG7:DQG)OXLG$WWHQXDWHG,QYHUVLRQ5HFRYHU\)/$,5
VFDQV IRU HDFKSDUWLFLSDQW$ ULJRURXVTXDOLW\ FRQWUROZDV LPSOHPHQWHG WR HQVXUH VHTXHQFH
DFTXLVLWLRQSDUDPHWHUVZHUHDVVWDQGDUGLVHGDVSRVVLEOH7:VFDQVZHUHDFTXLUHGDWPP
LVRWURSLFYR[HOUHVROXWLRQDQG75DQG7(ZHUHRSWLPLVHGWRHQVXUHFRPSDUDEOH7ZHLJKWLQJ
DQGWLVVXHFRQWUDVWDFURVVVLWHV'7,VFDQVPPLVRWURSLFYR[HOUHVROXWLRQKDGVLPLODU7(V
DQGORQJ75VWRDYRLG7UHOD[DWLRQHIIHFWV,QDGGLWLRQWRWKHE VPPDFTXLVLWLRQVDOO
'7,DFTXLVLWLRQLQFOXGHGHTXDOO\VSDFHGQRQFROOLQHDUGLIIXVLRQJUDGLHQWGLUHFWLRQVE 
 V PP WR HQVXUH LGHQWLFDO DQJXODU UHVROXWLRQ DQG QRLVH FKDUDFWHULVWLFV 7:
VHTXHQFHVZHUH7(PDWFKHGDQGNHSWDVLPLODU75WRHQVXUHFRPSDUDEOHZHLJKWLQJ)/$,5
VHTXHQFHVKDGLGHQWLFDOLQYHUVLRQWLPHVDQGZHUHDOVR7(PDWFKHGZLWKORQJHQRXJK75¶VWR
HQVXUH QR 7 ZHLJKWLQJ RFFXUUHG 5HVROXWLRQ IRU 7: DQG )/$,5 VHTXHQFHV YDULHG
EHWZHHQVLWHVVXSSOHPHQWDU\7DEOHJLYHVDQRYHUYLHZRI WKHH[DFWVFDQQHUDQGVHTXHQFH
GHWDLOVSHUVLWH
05,GDWDDQDO\VLV
,Q DGGLWLRQ WR '7, PHDVXUHV GHVFULELQJ :0+ ODFXQHV DQG EUDLQ YROXPH DUH IUHTXHQWO\
LQYHVWLJDWHG DV SRWHQWLDO PDUNHUV RI 69' ± ,Q WKH SUHVHQW VWXG\ WKHVH ZHUH
DQDO\VHGDVDFRPSDULVRQWR'7,
:0+ :0+ ZHUH GHILQHG DV DUHDV RI LQFUHDVHG VLJQDO RQ )/$,5 LPDJHV H[FOXGLQJ WKH
ULPV RI FDYLWDWHG ODFXQHV DQG VHJPHQWHG E\ D VLQJOH WUDLQHG UDWHU ,'& XVLQJ D VHPL
DXWRPDWHG FRQWRXULQJ WHFKQLTXH LQ -LP LPDJH DQDO\VLV VRIWZDUH YHUVLRQ B ;LQDSVH
6\VWHPV /LPLWHG KWWSZZZ[LQDSVHFRPMLPVRIWZDUH :KROH EUDLQ :0+ OHVLRQV
PDSV ZHUH JHQHUDWHG DQG D :0+ OHVLRQ ORDG VFRUH ZDV FDOFXODWHG DV WKH SHUFHQWDJH RI
:0+OHVLRQYROXPHDJDLQVWZKROHEUDLQYROXPH7RDVVHVVLQWUDDQGLQWHUUDWHUUHOLDELOLW\D
WHVWVHWRI)/$,5VFDQVIURPDSUHYLRXVVWXG\LQ69'ZLWKYDU\LQJGHJUHHVRI:0+
 ?

ZDVXVHG,QDUDQGRPLVHGEOLQGHGVHWWLQJ)/$,5LPDJHVZHUHHDFKPDUNHGWZLFHE\,'&
DQGRQFHE\DVHFRQGH[SHULHQFHGUDWHU'77KHLQWUDFODVVFRUUHODWLRQFRHIILFLHQWZDV
FDOFXODWHGWRDVVHVVLQWHUUDWHUUHOLDELOLW\,'&YV'7DQGLQWUDUDWHUUHOLDELOLW\SURYLGLQJ
FRHIILFLHQWVRIDQGUHVSHFWLYHO\
/DFXQHV /DFXQHVZHUHGHILQHGDVFHUHEURVSLQDOIOXLG&6)ILOOHGFDYLWLHVDW OHDVWPPLQ
GLDPHWHU $GGLWLRQDO IHDWXUHV VXFK DV 7K\SHULQWHQVH ULPV VKDSH DQG ORFDWLRQ ZHUH DOVR
FRQVLGHUHGWRGLIIHUHQWLDWHODFXQHVIURPVLPLODULPDJLQJIHDWXUHVVXFKDVSHULYDVFXODUVSDFHV
7KH VDPH VLQJOH UDWHU ,'& LGHQWLILHG ODFXQHV DIWHU WUDLQLQJ E\ D FRQVXOWDQW
QHXURUDGLRORJLVWXVLQJDFRPELQDWLRQRI7:7:DQG)/$,5VFDQV
%UDLQ9ROXPH7:VFDQVZHUHLQWHQVLW\QRQXQLIRUPLW\FRUUHFWHGXVLQJ³1,7.´DQG
VHJPHQWHG LQWR JUH\ PDWWHU *0 ZKLWH PDWWHU :0 DQG &6) WLVVXH SUREDELOLW\ PDSV
730 XVLQJ 630E 6WDWLVWLFDO 3DUDPHWULF 0DSSLQJ KWWSZZZILOLRQXFODFXNVSP
%UDLQYROXPHLQQDWLYHVSDFHZDVFDOFXODWHGIURPWKHVRIWVHJPHQWDWLRQRIWKH*0DQG
:0730V
7RREWDLQEUDLQYROXPHPHDVXUHVVHQVLWLYHWRDWURSK\6,(1$;DSDUWRI)6/)05,%
6RIWZDUH /LEUDU\ KWWSVIVOIPULER[DFXNIVO  ZDV DSSOLHG WR 7: VFDQV JLYLQJ D
VFDOLQJIDFWRU WKDWGHVFULEHV WKHYDULDWLRQRIEUDLQVL]H UHODWLYH WR WKHVNXOOVL]H7KHQDWLYH
VSDFH EUDLQ YROXPHV ZHUH PXOWLSOLHG E\ WKLV VFDOLQJ IDFWRU WR SURYLGH QRUPDOLVHG EUDLQ
YROXPHV 1%9 7R PLQLPLVH WLVVXH PLVFODVVLILFDWLRQ RI :0+ DV *0 WKH QRUPDOLVHG
YROXPHRIDQ\*0ZKLFKRFFXUUHGZLWKLQ:0+ZDVVXEWUDFWHGIURPWKH*0YROXPHDQG
DGGHG WR WKH :0 YROXPH )LQDOO\ ZKROH 1%9 ZDV FDOFXODWHG E\ DGGLQJ *0 DQG :0
1%9¶VWRJHWKHU
'7, +LVWRJUDP $QDO\VLV )6/ VRIWZDUH )'7 )05,%¶V 'LIIXVLRQ 7RROER[
KWWSIVOIPULER[DFXNIVOIVOZLNL)'7 ZDV XVHG IRU '7, SUHSURFHVVLQJ %ULHIO\ '7,
VFDQV ZHUH HGG\ FXUUHQWFRUUHFWHG ZLWK HGG\BFRUUHFW XVLQJ WKH VW DFTXLUHG E    V PP
LPDJH DV WKH UHIHUHQFH$ELQDU\ EUDLQ PDVN LQ '7, VSDFH ZDV FDOFXODWHG IRU HDFK VXEMHFW
XVLQJ%(7RQ WKH VDPHE DFTXLVLWLRQ)UDFWLRQDO DQLVRWURS\ )$DQGPHDQGLIIXVLYLW\
0' PDSV ZHUH WKHQ FDOFXODWHG IURP WKHVH GDWD XVLQJ '7,),7 9R[HOV ZLWK 0' YDOXHV
DERYHPPVZHUHUHPRYHGIURPDQDO\VHVLQFDVHRIWKHPKDYLQJEHHQPLVFODVVLILHG
DV&6)YR[HOVE\DSSOLFDWLRQRIDGLIIXVLYLW\ WKUHVKROG/LNHZLVHVSXULRXVYR[HOVZLWK)$
!ZHUHDOVRUHPRYHG)RUHDFKSDUWLFLSDQW)05,%/LQHDU,PDJH5HJLVWUDWLRQ7RRO)/,57
XVLQJWKHQRUPDOLVHGPXWXDOLQIRUPDWLRQFRVWIXQFWLRQLQ)6/ZDVXVHGWRUHJLVWHUWKH
 ?

)/$,5WRWKH7:LPDJHDQGWKH7:WRWKHELPDJHWKHDYHUDJHRIDOOWKHE VPP
LPDJHV LQ WKH '7, VHTXHQFH 7KHVH DIILQH WUDQVIRUPDWLRQ PDWULFHV ZHUH FRQFDWHQDWHG WR
FUHDWHDWKLUG)/$,5WR'7,WUDQVIRUPDWLRQ730¶VDQG:0+OHVLRQPDVNVZHUHUHJLVWHUHG
LQWR '7, VSDFH XVLQJ WKH 7:WR'7, WULOLQHDU LQWHUSRODWLRQ DQG )/$,5WR'7, QHDUHVW
QHLJKERXULQWHUSRODWLRQWUDQVIRUPVIRU730VDQGELQDU\:0+OHVLRQPDVNVUHVSHFWLYHO\
$ KDUG VHJPHQWDWLRQ PHWKRG ZDV DSSOLHG WR JHQHUDWH PDSV RI WLVVXH FODVVHV 7KLV ZDV
DFKLHYHGE\YR[HOZLVHFRPSDULVRQRIWKH*0:0DQG&6)730VZLWKHDFKYR[HOEHLQJ
DVVLJQHGWRWKHKLJKHVWSUREDELOLW\WLVVXHFODVV7KH:0+OHVLRQPDVNVZHUHWKHQDGGHGZLWK
WKHVHOHVLRQYR[HOVEHLQJDXWRPDWLFDOO\DVVLJQHGWR:0+)LQDOO\PDVNLPDJHVRIQRUPDO
DSSHDULQJZKLWHPDWWHU1$:0DQGDOOZKLWHPDWWHU:0ZHUHJHQHUDWHGIURPWKHKDUG
VHJPHQWDWLRQPDS
+LVWRJUDP DQDO\VLV ZDV SHUIRUPHG RQ )$ DQG 0' PDSV LQ ERWK 1$:0 DQG :0
1RUPDOLVHGKLVWRJUDPVZLWKELQV)$UDQJHELQZLGWK0'UDQJHPPV
[ELQZLGWKPPV[ZHUHFRPSXWHGDQGPHGLDQSHDNKHLJKWDQGSHDNYDOXH
ZHUH H[WUDFWHG IURP WKHVH IRU ERWK )$ DQG 0' 7KHVH PHWULFV ZHUH FKRVHQ DV VXPPDU\
PHDVXUHVDV)$DQG0'DUHQRQQRUPDOO\GLVWULEXWHGLQ:0
6WDWLVWLFDO $QDO\VHV $OO DQDO\VHV ZHUH SHUIRUPHG XVLQJ ,%0 6366 VWDWLVWLFV YHUVLRQ 
,%0 &RUS 5HOHDVHG  ,%0 6366 6WDWLVWLFV IRU :LQGRZV $UPRQN 1< ,%0 &RUS
KWWSZZZLEPFRPDQDO\WLFVXVHQWHFKQRORJ\VSVV
2QHPHDVXUHIRUHDFK0'DQG)$ZDVFKRVHQIRUWKHPDLQVWXG\DQDO\VHV0'QRUPDOLVHG
SHDNKHLJKWDQG)$PHGLDQZHUHSLFNHGGXHWRSUHYLRXVVWXGLHVZKLFKKDYHVKRZQWKHVHWR
EHFRUUHODWHGZLWKFRJQLWLRQ  DQGVHQVLWLYH WR FKDQJH LQ:0PLFURVWUXFWXUH LQ69'

7RFRPSDUH05,ZLWKFRJQLWLYHSDUDPHWHUV³6LPSOH´DQG³&RPSOH[´PRGHOOLQHDU
UHJUHVVLRQVZHUHFRQGXFWHG7KLVSLSHOLQHZDVVWUXFWXUHGDVDPHWKRGRIVHOHFWLQJWKHPRVW
DSSURSULDWH05,PHDVXUHSHUW\SHHJRQHEUDLQWLVVXHYROXPHPHDVXUHPHQWRU0')$
KLVWRJUDPSDUDPHWHUIRU'7,VRWKDWFRQWULEXWLRQVRI05,PHWULFVFRXOGEHDVVHVVHGWRJHWKHU
ZKLOHDYRLGLQJLVVXHVRIPXOWLFROOLQHDULW\7KXVLQ6LPSOHPRGHOVWKHDVVRFLDWLRQRI1%9
:0+OHVLRQORDGODFXQHVDQGKLVWRJUDPSDUDPHWHUVIURP1$:0DQG:0ZHUH
VHSDUDWHO\LQYHVWLJDWHGDJDLQVWHDFKRXWFRPHPHDVXUHFRJQLWLYHGRPDLQV4R/DQG0R&$
$VWKHUHZHUHPXOWLSOH1%9DQG'7,YDULDEOHVWKHPRVWVLJQLILFDQWRIHDFKW\SHRULIp
YDOXHZDVWKHVDPHWKHRQHZLWKWKHODUJHVWȕYDOXHSHURXWFRPHPHDVXUHZDVVHOHFWHGDQG
 ?

XVHGLQWKH&RPSOH[PRGHO+HUH1%9:0+OHVLRQORDGQRODFXQHVDQG'7,PHDVXUHV
ZHUHLQFOXGHGWRJHWKHUWRDVVHVVWKHLUFRQWULEXWLRQVUHODWLYHWRHDFKRWKHU6HSDUDWH&RPSOH[
PRGHOVZHUHSHUIRUPHGIRUHDFKRXWFRPHPHDVXUHLQ:0DQG1$:07KHVHPRGHOV
FRQWUROOHGIRUFRQIRXQGLQJHIIHFWVRIDJHJHQGHUSUHPRUELG,4DQGZHUHVWUDWLILHGE\VWXG\
VLWH5HVLGXDOVZHUHLQVSHFWHGIRUQRUPDOLW\IRUDOOUHJUHVVLRQDQDO\VHVZKLOHYDULDQFH
LQIODWLRQIDFWRUVZHUHDOVRFDOFXODWHGIRUWKH&RPSOH[0RGHOVWRDVVHVVPXOWLFROOLQHDULW\
)XUWKHUDQDO\VHVFRPSDUHG'7,DQGRXWFRPHYDULDEOHVEHWZHHQVLWHVDQGUHSHDWHGVRPH
&RPSOH[PRGHODQDO\VHVXVLQJVLWHVSHFLILFGDWD7KHVHDUHGHWDLOHGLQWKH6XSSOHPHQWDU\
$QDO\VLV
6\VWHPDWLF5HYLHZ7RDOORZFRPSDULVRQRIWKHUHVXOWVZLWKSUHYLRXVVLQJOHFHQWUHVWXGLHVD
V\VWHPDWLFUHYLHZRISUHYLRXVOLWHUDWXUHZDVFRQGXFWHGRQ3XEPHG
KWWSVZZZQFELQOPQLKJRYSXEPHGXVLQJVHDUFKWHUPVRI³FHUHEUDOVPDOOYHVVHOGLVHDVH
GLIIXVLRQWHQVRULPDJLQJ´³ZKLWHPDWWHUK\SHULQWHQVLWLHVGLIIXVLRQWHQVRULPDJLQJ´DQG
³OHXNRDUDLRVLVGLIIXVLRQWHQVRULPDJLQJ´RQWKHWKRI0DUFK&ULWHULDIRULQFOXVLRQ
ZHUH6WXGLHVRIVSRUDGLF69'SRSXODWLRQLHPRQRJHQLFFDXVHVRI69'VXFKDV
&$'$6,/ZHUHQRWLQFOXGHG6WXGLHVLQYHVWLJDWLQJWKHUHODWLRQVKLSEHWZHHQ'7,PHWULFV
DQGFRJQLWLYHSHUIRUPDQFH6WXGLHVLQYHVWLJDWLQJWKHFRJQLWLYHGRPDLQVDQDO\VHGLQWKH
FXUUHQWVWXG\$QDO\VLVFRQWUROOLQJIRUDWOHDVWRWKHUFRQIRXQGLQJ05,PHDVXUH
5HVXOWVLQYROYHGUHSRUWLQJRIVWDQGDUGLVHGȕYDOXHVRUSDUWLDOFRUUHODWLRQFRHIILFLHQWV:KHUH
DSDSHUUHSRUWHGPXOWLSOHDVVRFLDWLRQVDJDLQVWWKHVDPHFRJQLWLYHRXWFRPHWKHVWURQJHVWLH
ODUJHVWȕYDOXHZDVLQFOXGHG,QFDVHVZKHUHDVWXG\KDGSXEOLVKHGPXOWLSOHSDSHUVEDVHGRQ
WKHVDPHSDUWLFLSDQWGDWDWKHRQHZKLFKXVHGWKHPRVWVLPLODUPHWULFVWRWKRVHLQWKH
SUHVHQWHGVWXG\ZDVFKRVHQ

5HVXOWV
3URILOHRI3DUWLFLSDQW9DULDEOHV
0LVVLQJ 'DWD'XH WR WKH ORZ VDPSOH VL]H 1  6LWH  ZDV H[FOXGHG IURP DOO VWDWLVWLFDO
DQDO\VHV $Q DGGLWLRQDO  SDUWLFLSDQWV ZHUH H[FOXGHG IURP DQDO\VLV GXH WR 05, GDWD
DFTXLVLWLRQ SUREOHPV  FDVHV IURP 6LWH  GXH WR H[FHVVLYH PRWLRQ DUWHIDFWV DQG FRUUXSWHG
GDWDDFTXLVLWLRQDQGFDVHVIURP6LWHZKHUHQRWDOOLPDJLQJVHTXHQFHVZHUHDFTXLUHGDQG
VRPHGDWDZHUHFRUUXSWHG6DPSOH VL]HZDV IXUWKHU UHGXFHGE\ LQFRPSOHWH FRJQLWLYHGDWD
 ? ?

9HUEDO)OXHQF\GDWDZDVDEVHQWIRURQHSDUWLFLSDQW9HUEDO0HPRU\DQG1$57LQDQRWKHU
DQG RQO\ 1$57 LQ D WKLUG 6DPSOH VL]H ZDV WKHUHIRUH UHGXFHG E\ D IXUWKHU  IRU 9HUEDO
)OXHQF\FRPSDULVRQVDQGE\IRUDOORWKHUFRPSDULVRQV&RQVHTXHQWO\FRPSOHWH'7,GDWD
ZHUHDYDLODEOHLQSDUWLFLSDQWVZKLOHVDPSOHVL]HIRUPDLQVWDWLVWLFDODQDO\VHVZDV1 
IRUWHVWLQJ9HUEDO)OXHQF\RU1 IRUDOORWKHURXWFRPHPHDVXUHV
'HPRJUDSKLFV'HPRJUDSKLFVULVNIDFWRUVDQGFOLQLFDOIHDWXUHVDUHVKRZQLQ7DEOH
$OOHQWU\05,VFDQVZHUHUHYLHZHGFHQWUDOO\E\DFRQVXOWDQWQHXURORJLVW$OOFDVHVILWWHGWKH
05,LQFOXVLRQFULWHULDH[FHSWIRU WZRZKLFKKDG:0+JUDGHGRQ WKH)D]HNDVVFDOHRI
%RWKZHUHLQFOXGHGLQDQDO\VLVDVWKH\KDGPXOWLSOHODFXQHVFRQVLVWHQWZLWKVHYHUH69'
&RJQLWLRQ7KH FRJQLWLYHSURILOH RI WKHSDUWLFLSDQWV LV VKRZQ LQ)LJXUH $OO  FRJQLWLYH
GRPDLQVZHUHVLJQLILFDQWO\LPSDLUHGFRPSDUHGWRFRQWUROSHUIRUPDQFHOHYHOVp LQDOO
FDVHVH[FHSWIRU9HUEDO)OXHQF\ZKHUHp 
0R&$ 4R/ DQG 05, 5HVXOWV 0HDQ YDOXHV IRU 0R&$ 664R/ (XUR4R/ DQG 05,
SDUDPHWHUVDUHVKRZQLQ7DEOH4XDOLWDWLYHFRPSDULVRQRIKLVWRJUDPPHDVXUHVEHWZHHQWKH
:0DQG1$:0WLVVXHFODVVHVVKRZHGWKDWWKHLQFOXVLRQRI:0+LQWKH:0ORZHUHGWKH
QRUPDOLVHGSHDNKHLJKWRI)$DQG0'LQFUHDVHG WKHSHDNYDOXHDQGPHGLDQRI0'DQG
GHFUHDVHGWKHSHDNYDOXHDQGPHGLDQRI)$
5HODWLRQVKLSEHWZHHQ05YDULDEOHVDQGFRJQLWLRQ
6LPSOH 0RGHO $QDO\VHV )XOO ILQGLQJV DUH VKRZQ LQ 7DEOH  )$ PHGLDQ DQG 0' SHDN
KHLJKWLQ:0DQG1$:0ZHUHVLJQLILFDQWO\DVVRFLDWHGZLWKDOORXWFRPHPHDVXUHVH[FHSW
IRU 1$:0 0' SHDN KHLJKW ZLWK 3URFHVVLQJ 6SHHG ERWK 1$:0 PHDVXUHV ZLWK 664R/
DQGDOO'7,PHDVXUHVZLWK9HUEDO0HPRU\0HGLDQ)$KHOGVWURQJHUDVVRFLDWLRQVWKDQ0'
SHDNKHLJKWLQDOOFDVHVH[FHSWIRU(XUR4R/LQDOO:07KHGLUHFWLRQVRIWKHVHUHODWLRQVKLSV
GHPRQVWUDWH WKDW KLJKHU PHGLDQ )$ DQG 0' SHDN KHLJKW ZHUH DVVRFLDWHG ZLWK EHWWHU
FRJQLWLRQ RU 4R/ LQ ERWK WLVVXH FODVVHV 7KHUH ZHUH QR PDUNHG GLIIHUHQFHV EHWZHHQ WKH
SDWWHUQV RU VWUHQJWKV RI DVVRFLDWLRQV IRU '7, PHDVXUHV WDNHQ IURP ZLWKLQ 1$:0 RU WKH
ZKROHRIWKH:0:KROH1%9KHOGVWURQJHUDVVRFLDWLRQVWKDQ*0RU:01%9LQDOOFDVHV
H[FHSW(XUR4R/ZKHUH:0ZDVVWURQJHVW
&RPSOH[ 0RGHO $QDO\VHV ³&RPSOH[ 0RGHOV´ ZHUH SHUIRUPHG WR GHWHUPLQH ZKLFK 05,
YDULDEOHVZHUHLQGHSHQGHQWO\DVVRFLDWHGZLWKWKHRXWFRPHPHDVXUHVDQGUHVXOWVDUHVKRZQLQ
7DEOH  7KH 9DULDQFH LQIODWLRQ IDFWRUV RI DOO PRGHOV ZHUH VPDOOHU WKDQ  DQG GHHPHG
 ? ?

DFFHSWDEOH 0HGLDQ )$ ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK *OREDO &RJQLWLRQ 0HQWDO
)OH[LELOLW\9HUEDO)OXHQF\DQG0R&$LQERWKWLVVXHFODVVHV1RRWKHUFRPSDULVRQVZLWK'7,
PHWULFVUHDFKHGVLJQLILFDQFH&RQVLGHULQJWKHVLJQLILFDQWDVVRFLDWLRQVWKHHIIHFWVL]HVRIWKH
:0 FRPSDULVRQV DV LQGLFDWHG E\ WKH ȕYDOXH ZDV DOZD\V GHVFULSWLYHO\ JUHDWHU WKDQ WKH
1$:0FRXQWHUSDUW
7KH QXPEHU RI ODFXQHV ZDV LQGHSHQGHQWO\ VLJQLILFDQWO\ DVVRFLDWHG ZLWK *OREDO &RJQLWLRQ
3URFHVVLQJ6SHHG0R&$DQG664R/ LQERWK WLVVXHFODVVPRGHOV1%9RQO\PDLQWDLQHGD
VLJQLILFDQWDVVRFLDWLRQZLWK0R&$DQG(XUR4R/LQERWKWLVVXHFODVVPRGHOV:0+OHVLRQ
ORDGZDVQRORQJHUVLJQLILFDQWO\UHODWHGWRDQ\RXWFRPHPHDVXUHV
6\VWHPDWLFUHYLHZ&RPSDULVRQRIVWUHQJWKRIDVVRFLDWLRQVEHWZHHQ'7,DQG
FRJQLWLRQZLWKWKDWIURPSUHYLRXVVWXGLHV
7KHVHDUFKWHUPVLGHQWLILHGSDSHUVDQGDIWHUUHDGLQJWKHVHDEVWUDFWVVHOHFWHGIRU
UHYLHZ$QDGGLWLRQDOSDSHUVZHUHLGHQWLILHGIURPUHIHUHQFHOLVWV(LJKWRIWKHVHSDSHUV
PHWLQFOXVLRQFULWHULD±±6XSSOHPHQWDU\7DEOHGHWDLOVWKHVHSDSHUVDQG
LQFOXGHVNH\ILQGLQJVIURPHDFKVWXG\2IQRWHRQHRIWKHVHLVDPXOWLFHQWUHVWXG\
DFURVVVLWHVXVLQJLGHQWLFDO7VFDQQHUVDQGDFTXLVLWLRQVHTXHQFHVZLWK0R&$DQG
006(XVHGDVFRJQLWLYHPHDVXUHV
7ZRRIWKHVHSDSHUVUHSRUWHGFRQILGHQFHLQWHUYDOV&,ZLWKWKHLUȕYDOXHVIRU
DVVRFLDWLRQVEHWZHHQ'7,PHWULFVDQGFRJQLWLRQ&RPSDULQJWKHPDJQLWXGHRIWKH
'7,EDVHGȕYDOXHVLJQRULQJGLUHFWLRQDVWKLVZLOOEHLQIOXHQFHGE\WKHVSHFLILF'7,
SDUDPHWHUXVHGZKLFKGLIIHUVEHWZHHQSDSHUVIURPWKHSUHVHQWHGVWXG\IRUWKHVDPH
FRJQLWLYHGRPDLQVKRZVWKDWWKHVHIHOOZLWKLQRUZHUHKLJKHUWKDQWKHVHSUHYLRXVO\UHSRUWHG
&,VIRU*OREDO&RJQLWLRQRXUȕ SUHYLRXV&,V WRDQGWR
([HFXWLYH)XQFWLRQLQJLH0HQWDO)OH[LELOLW\RXUȕ SUHYLRXV&,V WR
DQGWR9HUEDO)OXHQF\RXUȕ SUHYLRXV&,V WRDQG9HUEDO
0HPRU\RXUȕ SUHYLRXV&,V WR2QO\WKHSUHVHQWHGȕIRU3URFHVVLQJ
6SHHGZDVORZHUWKDQDSUHYLRXVO\UHSRUWHG&,EXWRQO\LQRQHRIWKHVHSDSHUVRXUȕ 
SUHYLRXV&,V WRDQGWR&RQYHUVHO\SUHYLRXVO\UHSRUWHGȕ
YDOXHVIURPDOOSDSHUVIHOOZLWKLQWKH&,VIRXQGLQWKHSUHVHQWHGDQDO\VHVLQDOOLQVWDQFHV
H[FHSWIRURQHFDVHRI9HUEDO0HPRU\EHLQJJUHDWHUWKDQRXU&,SUHYLRXVȕ RXU
&, WRDQGRQHFDVHRI9HUEDO)OXHQF\EHLQJORZHUWKDQRXU&,SUHYLRXVȕ 
RXU&, WR
 ? ?

6LWH6SHFLILF)LQGLQJV
These analyses are reported in full in the Supplementary Material 
,QRUGHUWRDVVHVVDQ\YDULDWLRQDFURVVLQGLYLGXDOVLWHVDQDO\VHVZHUHFRQGXFWHGRQGDWDIURP
HDFKVLWHLQGLYLGXDOO\)$PHGLDQDQG0'SHDNKHLJKWRIHDFKVLWHZHUHFRPSDUHGE\RQH
ZD\$129$ZKLFKUHWXUQHGDQRQVLJQLILFDQWILQGLQJIRUHDFK)$p 4240'p 148
&RPSDULVRQRIDOORXWFRPHPHDVXUHVLHFRJQLWLYHGRPDLQV0R&$DQG4R/VFDOHV
EHWZHHQVLWHVE\RQHZD\$129$DQG.UXVNDO:DOOLVDOVRVKRZHGQRVLJQLILFDQWILQGLQJV
pYDOXHUDQJH192WR827
³&RPSOH[0RGHO´DQDO\VHVZHUHDOVRUHSHDWHGLQ6LWHVDQGLQGLYLGXDOO\7KHVHZHUH
UHSHDWHGLQFDVHVZKHUHD'7,PHWULFKDGEHHQVKRZQWRKDYHDVLJQLILFDQWUHODWLRQVKLSZLWKD
FRJQLWLYHGRPDLQLQWKHPDLQDQDO\VHV7KHVHUHODWLRQVKLSVZHUHIXUWKHUYLVXDOLVHGE\
VFDWWHUSORWLQallVLWHVZLWKWKH&,DURXQGWKHWRWDOUHJUHVVLRQOLQHDOVRLQFOXGHGIRU
FRPSDULVRQ&RPSOH[0RGHOUHVXOWVVKRZHG6LWHVDQGWRKDYHȕYDOXHVZKLFKZHUH
ZLWKLQRUKLJKHUWKDQWKH&,OLPLWVIRUWKHVDPHFRPSDULVRQLQWKHPDLQDQDO\VHV:KLOH
WKLVZDVDOVRWUXHIRU6LWHLQWKH*OREDO&RJQLWLRQPRGHOWKH0HQWDO)OH[LELOLW\DQG9HUEDO
)OXHQF\PRGHOVJDYHDORZHUȕYDOXHWKDQWKH&,OLPLWV7KHVFDWWHUSORWZLWKWKH³ZHDNHVW´
LHIODWWHVWLQGLYLGXDOVLWHILWLVLQFOXGHGKHUHDV)LJXUH7KLVVKRZVWKHUHODWLRQVKLS
EHWZHHQ:0)$PHGLDQDQG0HQWDO)OH[LELOLW\ZLWKDZHDNILWIRU6LWHEXWQRW6LWHLQ
WKDWLWVOLQHIDOOVRXWVLGHRIWKHWRWDO&,OLPLWVLQDPDQQHUVKRZLQJLWWREHIODWWHU
6XSSOHPHQWDU\)LJXUHVDQGUHSHDWWKLVVFDWWHUSORWIRU*OREDO&RJQLWLRQDQG9HUEDO
)OXHQF\FRPSDULVRQVDQGOLNHZLVHLQGLFDWH6LWHEXWQRW6LWHWRKDYHDZHDNILWLQHDFK
$OORWKHUVLWHVVKRZHLWKHUJRRGILWVLHIDOOFRPSOHWHO\ZLWKLQWKH&,OLPLWVVHH6LWHLQ
)LJXUHRU³VWURQJ´RQHVLHIDOORXWVLGHRIWKHWRWDO&,OLPLWVLQDPDQQHUVKRZLQJWKHPWR
KDYHVWHHSHUVORSHVVHH6LWHVDQGLQ)LJXUH7KLVVXJJHVWVWKDWWKHPDMRULW\RIVLWHV
GRFRQWULEXWHWRWKHPDLQVWXG\ILQGLQJV,WLVSRVVLEOHWKDWLQGLYLGXDOFDVHVRIVPDOO&RPSOH[
0RGHOȕYDOXHVDQGXQXVXDOO\³ZHDN´³VWURQJ´VFDWWHUSORWILWVDUHGXHWRODFNRISRZHU
IURPORZVDPSOHVL]HV

'LVFXVVLRQ
,QWKLVDQDO\VLVRIEDVHOLQHGDWDIURPDPXOWLFHQWUHFOLQLFDOWULDORI69'ZHIRXQG
DVVRFLDWLRQVEHWZHHQ'7,PHWULFVDQGFRJQLWLRQRIDVLPLODUPDJQLWXGHWRWKRVHUHSRUWHGLQ
 ? ?

SUHYLRXVVLQJOHFHQWUHVWXGLHV7KLVSURYLGHVVXSSRUWIRUWKHXVHRI'7,PHDVXUHVDVVXUURJDWH
PDUNHUVLQFOLQLFDOWULDOVRI69'
:H IRXQG WKDW ERWK '7, PDUNHUV DQG ODFXQDU LQIDUFW FRXQW ZHUH LQGHSHQGHQWO\ DVVRFLDWHG
ZLWK *OREDO &RJQLWLRQ DQG 0R&$ UHVXOWV $GGLWLRQDOO\ '7, PDUNHUV ZHUH LQGHSHQGHQWO\
DVVRFLDWHG ZLWK0HQWDO)OH[LELOLW\ DQG9HUEDO )OXHQF\ DQG ODFXQHVZLWK3URFHVVLQJ6SHHG
DQG664R/,QFRQWUDVWZHIRXQGQRLQGHSHQGHQWDVVRFLDWLRQVEHWZHHQ:0+OHVLRQORDGDQG
FRJQLWLRQ DQGRQO\ WZR IRUEUDLQYROXPH ZLWK0R&$DQG(XUR4R/7KLV LV LQ OLQHZLWK
PRVW SUHYLRXV OLWHUDWXUH IURP VLQJOHFHQWUH VWXGLHV ZKLFK KDV IRXQG ZHDN RU DEVHQW
DVVRFLDWLRQV EHWZHHQ :0+ DQG FRJQLWLRQ LQ SDWLHQWV ZLWK VHYHUH V\PSWRPDWLF 69'
 +RZHYHU LW KDV EHHQ SUHYLRXVO\ VKRZQ DV ZH DOVR KDYH WKDW WKH SUHVHQFH DQG
QXPEHU RI ODFXQDU LQIDUFWV  DQG WKH H[WHQW RI GLIIXVH :0 GDPDJH DVVHVVHG RQ '7,
 DUH WKH VWURQJHVW SUHGLFWRUV RI FRJQLWLYH IXQFWLRQLQJ )XUWKHUPRUH ERWK
KDYHEHHQ VKRZQ WRSUHGLFW ULVN RI GHPHQWLD LQ ORQJLWXGLQDO VWXGLHV ZKLOH ODFXQHV
DQGWKH$SSDUHQW'LIIXVLRQ&RHIILFLHQWDGLIIXVLRQZHLJKWHGLPDJLQJPHDVXUHKLJKO\VLPLODU
WR0'KDYHDOVREHHQVKRZQWRSUHGLFWIXWXUHFRJQLWLYHGHFOLQH1XPEHURIODFXQHV
ZDVFKRVHQLQWKHSUHVHQWVWXG\LQVWHDGRIODFXQHYROXPHDVLWLVDPRUHSUDFWLFDOPHDVXUHWR
REWDLQ LQ D FOLQLFDO VHWWLQJ DQG VLPLODU DVVRFLDWLRQV ZLWK FRJQLWLYH SHUIRUPDQFH KDYH EHHQ
IRXQGEHWZHHQWKHVHLQDFRPSDUDEOHVHYHUH69'SRSXODWLRQ
&OLQLFDOWULDOVRIQHZDJHQWVLQ69'ZLOOQHHGWREHPXOWLFHQWUHDQGLI05,LVWREHXVHGDVD
VXUURJDWH PDUNHU LW LV LPSRUWDQW WR HYDOXDWH KRZ WKH GLIIHUHQW PDUNHUV SHUIRUP LQ D PXOWL
FHQWUH VHWWLQJ :KLOH UHVHDUFK LQRWKHUQHXURORJLFDO GLVRUGHUV VXFK DV 3DUNLQVRQ¶V  DQG
+XQWLQJWRQ¶V  GLVHDVH KDYH VKRZQ WKDW '7, PDUNHUV RI GLVHDVH FDQ EH VXFFHVVIXOO\
DSSOLHGLQDPXWOLFHQWUHVWXG\WKHUHKDYHEHHQIHZVWXGLHVDGGUHVVLQJWKLVLVVXHLQ69'7KH
XVHRI PXOWLSOH VFDQQHUVSRVVLEO\ IURPGLIIHUHQW PDQXIDFWXUHUV LV OLNHO\ WR DGGQRLVH DQG
PD\GLPLQLVKWKHVWDWLVWLFDOVHQVLWLYLW\RIWKHVHPHWULFV
35(6(59(LVRQHRIWKHILUVWVWXGLHVWRXVHDGYDQFHG05,LPDJLQJDVDVXUURJDWHPDUNHULQ
69'WULDOV ,QWKLVVHWWLQJZHKDYHVKRZQWKDW WKHPDJQLWXGHVRIDVVRFLDWLRQVEHWZHHQ'7,
DQGFRJQLWLRQDUHKLJKO\FRPSDUDEOHWRSUHYLRXVVLQJOHFHQWUHVWXGLHVIXUWKHUYDOLGDWLQJWKH
XVHRIWKHVHPHWULFVLQWKLVFRQWH[W$GGLWLRQDOO\ZKLOH:0DQG1$:0'7,ZHUHDOZD\V
VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH VDPH RXWFRPHV WKH VWUHQJWKV RI WKHVH DVVRFLDWLRQV ZDV
FRQVLVWHQWO\ GHVFULSWLYHO\ JUHDWHU LQ :0 PRGHOV 7KLV LQGLFDWHV WKH VLPSOHU SURFHVV RI
REWDLQLQJD:0PDVNLVDWOHDVWHTXDOO\YDOLGDQGPD\EHPRUHSUDFWLFDOLQDFOLQLFDOVHWWLQJ
 ? ?

,WVKRXOGDOVREHQRWHG WKDWSUHYLRXVUHVHDUFKKDVLQGLFDWHG WKURXJKSRZHUFDOFXODWLRQVWKDW
'7,SDUDPHWHUVFRXOGGHWHFWFKDQJHZLWKPXFKVPDOOHUVDPSOHVL]HVWKDQODFXQHVGXHWRWKH
IUHTXHQF\RIQHZODFXQHVEHLQJUHODWLYHO\ORZ7KLVVXJJHVWV WKDW'7,PHWULFVPD\EH
WKHPRVWSRZHUIXOVXUURJDWHPDUNHURIWKHWZR
([DPLQDWLRQ RI LQGLYLGXDO VLWH GDWD GLG GHPRQVWUDWH VRPH YDULDWLRQ LQ WKH VWUHQJWK RI
DVVRFLDWLRQVEHWZHHQ05SDUDPHWHUVDQGFRJQLWLRQIURPGLIIHUHQWFHQWUHVEXWWKHPDMRULW\RI
WKHVHHIIHFWVL]HVZHUHZLWKLQRUJUHDWHUWKDQWKHH[SHFWHGUDQJHVDVGHWHUPLQHGE\&,V
IRUȕYDOXHVDQGUHJUHVVLRQVORSHVIURPWKHPDLQDQDO\VHV'7,PHWULFVDQGFRJQLWLRQGLGQRW
VLJQLILFDQWO\GLIIHUEHWZHHQVLWHVPHDQLQJLW LVOLNHO\WKDWDODFNRISRZHUGXHWRDORZVLWH
VDPSOH VL]H ZDV D FRQWULEXWLQJ IDFWRU WR WKH LQVWDQFHV ZKHUH WKLV ZDV QRW WKH FDVH 7KH
VLPLODULW\RI'7,DQGFRJQLWLYHPHWULFVDFURVVVLWHVDOVRVXJJHVWVJRRGFRPSDUDELOLW\EHWZHHQ
WKHFHQWUHVLQYROYHGLQWKLVVWXG\:LWKUHVSHFWWRWKHZLGHUOLWHUDWXUHKRZHYHUWKHDXWKRUVGR
QRWH WKDW '7, PHWULFV KDYH VRPHWLPHV EHHQ VKRZQ WR GLIIHU LQ PDJQLWXGH EHWZHHQ
PDQXIDFWXUHUVVXFKDVRQHSDSHUZKHUH0'YDOXHVZHUHIRXQGWREHV\VWHPDWLFDOO\KLJKHU
RQ 6LHPHQV YV 3KLOLSV VFDQQHUV WKLV ZRXOG QRW LPSDFW SHDN KHLJKW RI 0' DV XVHG LQ WKH
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